Background: Obtaining well-founded estimates of the effect of demographic change on future health expenditures is a pressing issue in all developed countries. Thus far, expenditure projections have examined the effect of age on health care costs, but fail to account for the influence of remaining life expectancy on costs. Objective: This paper seeks to create a more accurate projection model that considers the concentration of costs towards the end of life, and to compare this model with the more traditional approach that holds age-and sex-specific per capita expenditures constant. Methods: We used a longitudinal hospital dataset which followed 90 929 patients aged 65 and older from 1970 to death, to create an economic model of hospital costs based on patient age and time remaining to death. We then applied the model to England population projections to predict the effect of demographic changes on hospital expenditures from 2002 to 2026. Results: The decline in age-specific mortality rates over time postpones death to later ages, pushing back death-related costs. Accounting for this in expenditure projections gave a predicted annual growth rate of 0.40%-half of the rate predicted with a traditional method. Conclusions: Using richer data and more refined methods than have hitherto been employed, this study strongly confirms that the pressure of population increases and ageing demographic structure on hospital expenditures will be partially countered by the postponement of death-related hospital costs to later in life-a finding consistent with emerging epidemiological evidence, and heartening for policy makers and physicians alike.
Introduction
Forecasts of the impact of an ageing population on health expenditures are traditionally made by multiplying projected population numbers in the different age-sex groups by current age-and sex-specific per capita costs [1, 2] . Because these costs rise steeply in older age groups, this method typically forecasts substantial increases in health expenditures to keep up with population ageing. However, in recent years severe doubts have been raised about this forecasting method [1] . In particular, it has been suggested that the epidemiology of ageing cannot be ignored: if additional years are lived in health, as has been demonstrated in recent international epidemiological literature, [3] [4] [5] [6] [7] [8] then most medical care may actually be concentrated towards the end of life.
Studies from the USA [9] [10] [11] , Netherlands [12] , Switzerland [13] and England [14] have all confirmed that age is a much less significant determinant of health care expenditures than proximity to death. Consequently, to predict accurately the effects of ageing on national health expenditures, these effects of proximity to death should be quantified and incorporated. This was done by HM Treasury for the Wanless Report projections of future expenditures in the National Health Service [15] . Using Scottish hospital activity rate data for people in their last year of life (decedents) and people not in their last year of life (survivors), projections were made including the effects of impending death as well as other factors such as technological change. These suggested that the percentage of gross domestic product (GDP) invested in health care might rise from 6.5% in 2002-03 to 11.3% in 2022-23 [15] , but this prediction would have been substantially higher had changes in proximity to death not been considered.
However, the Wanless Report only considered the effect of approaching death on health care costs in the last year of life, while it has been shown that the effect could extend further back [14, 16] . Also, the study assumed that the effects of age and proximity to death on health care costs would remain stable over time-an assumption which may be invalid, as management of old and dying patients is continually re-evaluated and adjusted.
To make improved estimates of the effect of demographic change on future health expenditures in England, we used English longitudinal hospital data to derive a more detailed economic model of the association between hospital costs and proximity to death. The extremely long time frame of the dataset (from 1970 to 1999) enabled us to estimate this association up to 24 years before death, while the large cross-sectional spread of the dataset (90 929 patients) enabled us to assess whether different calendar year cohorts showed a changing relationship between age and cost and between proximity to death and cost over time. Incorporating these findings, we were able to derive a more sophisticated model than hitherto possible.
Methods

Data
The Oxford Record Linkage Study (ORLS) began in 1963, collecting statistical abstracts longitudinally by patient for all hospital inpatient and day case care, with linkage to birth certificates and death certificates in a defined geographical area of Oxfordshire, England [17] . The population of counties in the ORLS area are broadly representative of England and Wales as a whole [18] . We selected those people who were aged 65 years and over at the end of 1970, and tracked their general and psychiatric hospital and death records to 1999. We chose to include only those people in the older ages to avoid problems of right censoring; mortality data from 1970 English life tables estimate that 96.4% of people who were 65 years old would have died within 29 years, and even with declines in mortality in recent years, life tables with 2000 mortality rates still predicted 91.2% to die. Given that many people in the dataset were older than age 65 years in 1970, it is anticipated that very few patients survived the end of the dataset. Most of the people without a death record would have migrated out of the areas covered by the dataset, and so were excluded from the analysis. The average age in 1970 of the excluded patient cohort was 72.5 years, which was significantly younger than the average age of the included cohort (75.0 years), reflecting increased likelihood of migration or survival.
The cleaned dataset contained 90 929 patients: 36 712 men and 54 757 women (Table 1) . We used 1997-99 cost data collected by the Department of Health from all hospitals in England to obtain a weighted average cost per inpatient day specific to each specialty. 26.8% of patients (25 678) did not have any hospitalizations from 1970 to death. The proportion of patients who died in hospital (53%) or nursing home (16%) versus private address (30%) corroborated with available mortality statistics collected by the Office of National Statistics [19] .
The hospital costs model
We developed a longitudinal economic model which examined annual hospital costs per person in relation to patient age, sex, number of years until death, marital status, social class, hospital diagnosis, cause of death, place of admission, place of discharge, and calendar year [20] . Using a two-step approach, a probit model was first run to see how the variables described above affected the annual likelihood of being in hospital, and then a linear regression model was run to see how these variables affected the annual costs of patients who had been hospitalized. Multiplying the probability of being in hospital by the costs once in hospital provided us with estimates of average yearly hospital costs for different patient characteristics. We found that approaching death led to a rise in hospital costs that was significant as far back as 15 years prior to death [20] . Hospital costs in the last year of life rose from age 65 to 85 but decreased thereafter, consistent with previous literature [9] [10] [11] . We then repeated our models with three cohorts, patients who were aged 85 and older in 1970, 1980 and 1990, to see if results changed by calendar year. The pattern of costs based on time to death were consistent across the 1970, 1980 and 1990 cohorts, but the decline in costs seen in patients older than age 85 was mitigated over the calendar years, possibly due to more intensive treatments, better access to care, and less reliance on nursing homes. In the projections reported below, we held the effect of age on hospital costs in the oldest old constant over time. In sensitivity analyses, we simulated a continuation of the trend towards more intensive care for the oldest old.
The projection model
We obtained age-specific per capita hospital cost figures for 1999-2000 from the Department of Health. 2002-based population projections by single-year ages for males and females separately were provided by the Government Actuary's Department for England from 2002 to 2040, incorporating predictions on changing mortality, fertility (birth cohort sizes), and migration rates over time. First, we divided up each age and sex group by time to death-from 1 to 15+ years prior to death-using age-and sex-specific mortality rates, assuming that all migration occurred at the end of the calendar year and that immigrants were subject to the same mortality rates as English residents. For the population aged 65 years and older, we calculated the predicted yearly per capita hospital cost using the economic model described above, for each age, sex, and time to death category, holding all other patient characteristics constant. (We scaled up the cost figures to match the more recent Department of Health figures.) For the younger ages, we could not directly predict costs from our economic model because it was designed on a population aged 65 years and older. Instead, we estimated what the per capita costs would be at different times from death, using the age-specific per capita cost figures provided by the Department of Health and the time to death relationship seen with the 65 year olds in our ORLS dataset. Given that there were very small proportions of people in the last year of life in these younger age groups (0.2%), this approximation will not greatly influence our expenditure calculations. Multiplying the per capita costs by the population numbers in each age, sex and time to death group and summing within each calendar year provided new national estimates of hospital expenditures from 2002 to 2026. As a point of comparison, we repeated the predictions holding agespecific per capita expenditures constant at the values provided by the Department of Health. We then reran the entire model to focus only on expenditure changes associated with increased longevity after age 65 (controlling for the effects of changing birth cohort sizes, migration, and survival to age 65).
Results
The total population in England was predicted to increase at an annual rate of 0.38%, from 50 million in the year 2002 to 55 million in 2026. Concurrent with the overall population growth was an ageing of the population, with increased proportions of people dying at older ages ( Table 2) .
The concentration of costs in people in the last year of life was noticeable; while decedents comprised 1% of the population in the year 2002, they used 28.9% of hospital expenditures. Comparing the age groups, the cost of dying was most noticeable in the oldest age group. Over time, with the decline in age-specific mortality rates, decedents made up a smaller percentage of the population and expenditures of the different age groups (Table 3) .
Due to the concentration of costs in the last year of life, as age-specific mortality rates declined over time and death was postponed, the real average age-specific per capita costs of the older population decreased (Figure 1 ). This finding corroborated previous work with Medicare data [21] .
Calculating national expenditures using per capita costs adjusted for proximity to death, we estimated an annual growth rate of 0.40% between 2002 and 2026. This was approximately half of the rate estimated without adjusting for proximity to death ( Figure 2) . As is evident in Figure 2 , the discrepancies between the traditional forecasting method and updated forecasting method were initially small, but quickly widened over the time period of projection. Over this period, there was also a shift in expenditures towards the middle-aged (45-64) and towards the oldest old ( Table 2) .
Examining the isolated effects of increased longevity after age 65, we found ageing played little independent role in generating additional hospital costs over time. Most of the increase in hospital costs for the older populations due to demographic change will stem instead from the surge in birth cohort sizes post-WWII (the 'baby boom'). Finally, we allowed for changes over time in age-based practice patterns, increasing the intensity of use among the oldest old in later years. Doing so only increased our growth rate from 0.40% to 0.43%, leaving the expenditure projections that included proximity to death still well below more traditional projections.
Discussion
Healthy ageing and the compression of costs to the end of life
The findings reported above demonstrate the importance of considering remaining time to death as a major demographic driver of hospital costs when estimating the future health care needs of a population. We estimate that, for the population aged 65 and over in 2002, the 5% of patients in the last year of life generated approximately half the hospital expenditures for that age group.
Since imminent death is a main driver of costs, lower mortality rates and rising life expectancy can be expected to push down average real per capita hospital expenditures in each population age group, holding other factors constant. This economic result follows in part from the epidemiological theory that with increased life expectancy, morbidity is delayed at least slightly, such that persons within a given age group are healthier and will cost the health system less in future years. The traditional projection approach that keeps age-specific per capita costs constant would not pick up this dynamic aspect of ageing. Additionally, postponement of death to the older ages may mitigate population-level hospital costs, as dying in the oldest old costs less, possibly due to shifts in care to long term care and social services, or physician reluctance to pursue acute interventions. Hence, our results differ significantly from those obtained by more traditional forecasting methods, which predict a more substantial impact of demographic change on future health expenditures.
Considerations
It should be stressed that the models described above focus specifically on the impact of population ageing on health care costs, and do not include the important effect of changes in technology. Differential technology diffusion by age group may also compound demographic effects; for example, improved surgical and anaesthetic techniques now permit more varied surgeries at older ages. Expenditure projections that include both the impact of population ageing and of technological change should take this interaction into consideration. The models presented above only projected hospital expenditures. Analyses in other sectors, such as nursing home care and general practice, are hindered by the lack of suitable longitudinal datasets. The effects of age and proximity to death on costs in these sectors may not necessarily corroborate those found with hospital costs, particularly for nursing home care, where use increases with age. However, hospital costs predominate in total health expenditures, and even with the inclusion of other social service costs, studies have still found a concentration of costs towards the end of life [22, 23] . Therefore, adding these other components may modify, but is unlikely to negate, the findings reported here. Finally, we fully recognise that budgetary constraints, policy objectives, or other supply-side forces will also affect future health care expenditures.
Conclusions
Using richer data and more refined methods than have hitherto been employed, the analyses described here strongly confirm that changes in age-specific health service use related to proximity to death must be taken into account when determining the impact of demographic changes on future health expenditure projections. The pressure of population increases and ageing demographic structure on hospital expenditures will be partially countered by the postponement of death-related hospital costs to later in life. In our enthusiastic pursuit of healthy ageing, this finding is consistent with emerging epidemiological evidence, and should be heartening for policy makers and physicians alike.
Key Points
• Morbidity and health care costs may be concentrated towards the end of life, and therefore the costs of ageing may actually reflect the costs of impending death.
• This paper uses a more robust economic model that includes both the effect of age and the effect of proximity to death to project the impact that population ageing will have on hospital expenditures in England from 2002 to 2026.
• Increasing longevity postpones death-related costs. Projections that consider this effect predict half the annual expenditure growth rate of traditional projection models that hold age-and sex-specific expenditures constant over time.
• Proper inclusion of the effects of time to death is critical for more accurate assessment of the effect of population ageing on health care costs.
National census of care home residents
Introduction
Development and resourcing of services for older people have principally been targeted at maximising independence and avoiding admission to long-term care through active intervention, rehabilitation and care in the community, whilst the development of long-term care has been relatively neglected [1, 2] . The paucity of information regarding present and future long-term care provision undermined the report of the Royal Commission on Long Term Care [3] . Subsequently, limited data on care home residents have emerged from the Health Survey for England 2000, which drew on interviews with over 2,400 people [4] . It reported that, of those aged 65 and over, 4% were resident in care homes: a percentage similar to that in the 1991 Census of England and Wales. Overall, 75% of all residents in care homes were severely disabled and a high hospital utilisation rate by care home residents was noted. Acute hospital usage
